Satellite observations of snow in the near-infrared wavelengths can be used to roughly estimate snow grain size. When the grain size is large, it is possible to use measurements in the visible wavelengths to estimate snow water equivalence below some threshold value of around 100 mm. While sufficient data to fully evaluate these possibilities are not available, model calculations, selected satellite observations, and limited ground truth are in qualitative agreement. Complications arise because the effect of contamination by atmospheric aerosols is similar to that of finite depth, and because the near-infrared channel on the NOAA TIROS-N series satellites is not in the wavelength region where snow reflectance is most sensitive to grain size.
INTRODUCTION
Satellite snowcover observations are now well established as a useful tool for snowmelt runoff forecasting. In addition, it has been proposed that multispectral satellite measurements of reflected radiance could also be used to estimate the pres- 
REVIEW OF THE ALBEDO MODEL
Wiscombe and Warren [1980] , using a 'delta-Eddington' approximation to the equation of radiative transfer, have recently developed a model for the spectral albedo of snow. This approximation [Joseph et al., 1976 ] is useful for calculating the bulk radiative transfer properties of a strongly forward scattering medium. It is one of a class of 'two-stream' approximations [Meador and Weaver, 1980] . The results closely agree with measurements by O'Brien and Munis [1975] in the near-infrared spectral region, where snow albedo is sensitive to grain size. Choudhury and Chang [ 1981] have derived a similar model. In the visible wavelengths both models show that snow albedo is relatively insensitive to grain size, and Warren and Wiscombe [1980] postulate that the degradation of albedo in these wavelengths as the snow ages is largely caused by contamination by atmospheric aerosols (dust and soot).
(the global spectral albedo to beam irradiance, where the reflected radiance is integrated over all reflection angles and azimuths [Nicodemus et al., 1977] ) requires the following variables for the semiinfinite case: 0o solar zenith angle; • wavelength r particle radius (assumed to be spherical).
The following additional variables are required for the finite depth case: W, the snowpack water equivalence and ,4, the albedo of the underlying surface.
The single scattering albedo •o, the asymmetry factor g, and the extinction efficiency Q,xt are calculated from Mie theory [Wiscombe, 1979 [Wiscombe, , 1980 1. There is no explicit dependence on liquid water. Except where meltwater ponds in depressions when melting snow overlies an impermeable substrate, liquid water content in snow rarely exceeds 5 or 6%. This small amount of water does not appreciably affect the bulk radiative transfer properties, except possibly in those wavelength regions where the absorption coefficients for ice and water are significantly different (from 1.3 to 1.4 pm and from 2.2 to 2.7/•n water is more absorptive than ice, and from 1.5 to !.8 pm ice is more absorptive than water). Instead, the changes in albedo that occur in melting snow result from the increased crystal sizes and from an effective size increase caused by the two-to four-grain clusters that form in wet, unsaturated snow [Colbeck, 1979] . Under laboratory conditions these clusters are highly stable, but the strength of the intergrain bonding has not been investigated under natural conditions where radiation absorption and freeze-thaw cycles occur. There is some evidence that when snow refreezes, these clusters freeze into single grains. the visible wavelengths is greater than that in the near-infrared, especially for the larger grain sizes. As a snow cover melts, the initial effect is a greater decrease in the near-infrared albedo than in the visible albedo. As melting proceeds however, the visible channel will begin to 'see through' to the underlying substrate, while for the near-infrared channel the optical depth of the pack is greater. Wiscombe and Warren [1980] also point out that intergranular shadowing may be important for the finite depth case. This would cause optical depth to be slightly less (for a given geometric depth) than that calculated by the first equation and would also imply that albedo of shallow snowpacks would decrease with increasing density, for a constant snow water equivalence. Visible and near-infrared images of Lake Winnipeg, Manitoba, for April 12 and April 27, 1980, are shown in Figure 6 . On April 12 the lake, especially the northern section, appears bright in both the visible and near-infrared, due to a deep snow cover. The surrounding forest is partly snow-covered. On April 27 the lake appears darker in both spectral bands; in fact, the southern part almost disappears in the near-infrared.
The terrain east and west of the lake is snow-free on this latter date. Figures 7 and 8 show 'albedo' traces across the transects labelled A-A and B-B in Figure 6 . These values were calculated from the satellite prelaunch calibrations and were normalized for solar illumination angle by dividing by •. In the figures they are not corrected for scattering and absorption in the atmosphere or for variations in the bidirectional reflectance distribution function (BRDF) of the snow surface. In the subsequent discussion, corrections for atmospheric attenuation are made (Table 1) The data in Table 1 
